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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting a-^* V !P 

diode for obtaining a light emission of a single mode 
with a small spot size capable of being used for a 
color laser printer, a virtual reality or the like. 

SOLUTION: The light emitting diode comprises a p-type 
layer formed of a p-type gallium nitride compound 
semiconductor layer on an active layer made of a 
gallium nitride compound semiconductor layer. The diode 
further comprises an insulating film having an opening 
opened at a part of an upper surface of the p-type 
layer and covering the p-type layer, and a transparent 
electrode formed in ohmic contact with the p-type layer 
through the opening. 




COPYRIGHT: (C)2002,JPO 



mB^^m^mtf (jp) <i2) ^ ^ i|# ^ # ^a) (ii)*jf^as4iB8s^ 

#112002-164575 
(P2002-164575A) 

(43) B ¥fiicl4^ 6 H 7 B (2002. 6. 7) 

(BOIntCl.' »3lJIB^ FI f-73-r(##) 

H 0 1 L 33/00 H 0 1 L 33/00 E 4 M 1 0 4 

C 5F 0 4 1 

29/43 29/46 H 



i^ii:^ mm^ i^ntm(D»:7 ol (^ ? m) 





WH2000- 359324( P2000-359324) 


(71)iaiSA 


000226057 










(22}aiSB 


¥je£12#11^27B (2000. 11.27) 




®ai^i!BrmmJbit>Bri«i49i«iAioo 
















®^miigmr^-h>fi>riQ49is«iioo BMIk 














(74)«3BA 


100074354 








#is± &m fm. (m«) 











(54) i»m<o^m ^itiki^mi^ssim^ 



(57) 111*5,1 




1 

±1 B p s o ±ffi o -sr> ^ □ ? -fi- ^ □ ^ * -r ^ *fe*t 

ffM§; ti.;tffll*Jl 1 - 4 <7) ^ t><0 v^r«t34^ 1 «{-f5«0 
[0 0 0 1] 

nxA lyGai-x-yN, O^x, OSy, x + y^l) 
[0 0 0 2] 

ziih<D±mr'i T^fu-imizmmit^ttfc^itr^::^ 

t LTtM'h^fSt Lt:fflv^^*&'^, ±<Of2:^^'f)*^±^ < 
[0 0 0 3] -e^TN LXii. 1Sm^^h±i: 

^r7-l' K+> y 7•<0pMS:^KnM^^gt#:®T-tt^ 

<b%*«#:«®l&7tMI&7tr^' ^- KT'li. A 1 G a N 
/G a N/ I n G a N43-«IH C^.^S'^-r nfl|ig ( s C 



(2) 4f g§ 2002-164575 

2 

$ V ^ dT ife L T I. » o 
[0 0 0 4 J 

io mi.'o&m.'m\,zmm^fitznm^^wm<r)^mi)-hi,± 

1)^Wi^^ii^tzib\.z^ KoH^tt^iJ, -r^-f 

[0 0 0 5] -E-^r-. :$:|§H^{±. * 7- l^--)f 7*'J > 5' 
[0 0 0 6] 

mm.im^-f:i,fzib<r>^m \:x±.nmm'kmii^ti>tz 
tb\z^ ^^^miz^^mm^m^^itMi-it^ mt^ff) 

•J ■>/^.^.fk'^t;#«#:^:^^'i^^ pe^ltx-T^^H^fe^^^ 

:t-Ktcisv^r, ±iBp^<o±H<o— as^rggp^-fr^pg 
tL, 7i>o±fEggpS|5t^LT±iepgi:*-$ y 

MPSB«T<7)iS14gO<;^T"l§3t§-ti:^i t:««T-i, tS-o 
■?-cOI67tL^>:36SrJilBPgPSP=Sri^LT. MWPSPOff^ 

fz. ^^mz'^.:hmm^m'ii^^itmi-\t. ±.imu% 
[0 0 0 7] %tz. ^w^\z%^im.\m^^^^im=f- 

[0 0 0 8] Sfc, ^H^tc-^^S^kf^^^S^:!!**?- 
r-(±, ±fiBpeo-S|5lcdig|5*sfM§tt, ;«-o±|Bggp 
SI55i«±IBdi85<0±® STMP^-iir-SiTlz^^StL^Clt 
*^~»fL<. Z.ix\.zX-^. ±fBP§Pg|5'^itTOS14®tC 
J: * L rmijE ftX-f ^ ^ t i)^X # TJ^ofg^t L f-i* 

SO «rJ: »)i9i<-r'5C:i:*«-^i-2)o 



-2- 



3 

10 0 0 9] f/c. ^^mi.z^.^mit^^m'i^^it^^ 
[0 0 10] $<b(-. ^^mi^^^mif^^mi^^^itm 

[0 0 11] ttz^h^z. :^^m'%^m.im^mw^ 

zhi}mtL<. ::<7>i:^ic-rst j;i9??(i*fitH-l&*L, 

[0 0 12] 

SI 0 1 <^±ufMS;tL/^?g'tt^ 7 1 1 xii 2 i;i±<r>m 

itffvy^mit^^¥m^m^-h^j:^pm i o 2 1 
[0 0 13] -r^t)*,. :^mmmm<^^i/tr^:^- k 

T-l±. p8 1 0 2<7)±H<7>— StS:MP$-ti--5,SPa51 0 
a**-t-S«6^)g|l 0*, ±fEpSl 0 2**»6<Jl-« 

Ti^CfM-r^o -E-LT. ^fe^Ml OfCfMStt/cPa 
PSB10a*:^L-Cpgl02i::t-^y ^'Sft^-T^iS 

■Cit?qi;®2 l^-ibPPgCl 0 aOttTt;efii--l>?&14 

$*vfcSPSBi 0 aonTosttssy^'-e-oja^o^-c 

^'^t- K-e(±. ggpg|5 1 0 a i^LXpm I 02 t-^- 
1 Srfflv^Tv^^O-e, SPgPl 0 aOitTOS'ttSaU' 

[0 0 14] :$:|&B^(ciJi/>T. MPgpi 0 aO 

iFJL<{i0. ^ fim\^X±.^ 2 0 m\:XT ^-WC^-^ i> o 
[0 0 15] J'J.±<7)J:-9C*3SiS<^JF^,^.cO|l7t«^-C- 
l±, PSPgpi 0 a 4:;firi--J,itei»)gll OUJ: ijr&tteTo 



(3) #63 2002-164575 

4 

— a5Ufl)PIL-cmv)E^?±ALs :*^o6^PS|5i o a OiST 
WS14@S0f^c0iS:^T'IS7tL/>:7t:^^PgP 1 0 a S:^ 

fS14e7-r|&7fcL7t*^p® 1 0 2co;p$:^|6) 

[0 0 16] tfc. :^mmmm<r>^ytf^^^- vx 

a. H'OUtL^mmtLX. 112(C^-rJ:otCpSl 

o<r>±mimn-t^xo izmnui o a ^tB^lt, -e 

Oagl5 3 0<75_hMlC:t-5 7 ^'^^i"^ J: T t^it^Hg 
2 15rffMLTV»^o dl^ 3 0 ^ff^fiS; LT 

v^^v^^&'^jciti^LT, mnmi o a oi:T<7)f&i4)B ? 

^Lfzit'kx y)m^^-^xiiim-ri>zt:^^x^^<r>x\ 
^ifttaut: ^n^<-ri>zt-^^x^i>o ^mm<r>M 

mxii. pS 1 0 2(ipffl!#«iee8 t pli3>5'5' h 
S 9 ttzJ:oT«fi£L, aS|S3 0(±. -€-(0® l9 co p g 1 

0 2^ pm^mmM8<r>^^txj^y^>v-r^zt\.z 

[0 0 17] ^ibtc, 2|s:||Jfe«7)?|^^o^^^^- KT 
50 ;5^MPffl51 0 aJ-mogP^S-^-'biitv^co^KfitLT^^ 

ttz. ^m.m<r>fm'r>^ity-(^-vxii. ^h\z 

»S L^-Hmt LT. *«1 <7>T®ICS:MIII1 2 
LT. ^itLfz^'k S.y)nmmkZ^UUl O ai<!fLX 
ffi:^j-c # -5. J: T LTv>i,o 
[0 0 18] 2|c*ifeWfl^)^<7?||jt5^'f KC0» 

&xit. m^ti^y r^T^^h^j:^m^i<r>cm±iiZ. 

K-7'G a N§ 3 5:)5gS$-<i:^c i<7)^<-7 7 rS 2 

1 tm^tif') ^mit^!iio^^i^t<Dm(ommmxi) 

7'GaNS3(i. -5-<7)JiU)?6;S$-<i-^ nfflXfipMOM 

[0 0 19] r > K--7'G a N® 3<0±lCnS:3 

he4 ^r)?S:*$-ti:^o CO nM:^ > ^' ^' 4 
50 (±, nSffi«r?FMi-'5;t*WJlt?*t). nrnffitAif^ 



-3- 



5 

^-S. y i^mmi:ni>fcii^l:~. UtL<ti. Si K-^ 
OG aNT-ff^figi-^o -^-LT, nm=i > ^ hm 4 <r)± 

S-ti:<S>^ t;6^-e§^. r > K-7'G aN^. S i K- 
y'LfcG aNSSO'T^ K- 7°G a NSO 3 

[0 0 2 01 ikiz^ ^^mmfm<^^itmj-x-ii. 

T> K-yO aN8i:T> K-T"! n 
G a 75^ * S1§^-«ii<7>#8B|-e* * n « » 2 # 

^ft$*^o ffitte 7 {±, I n G a NSXii I n G a N 

I n G a N#F^ *#tf m-3?.(i#-*»^-#F«ii t 
-1.^ Lv^o l^a. I n G a N#^S X 

i 19 I n(7)Jt^<7)/J,>^;V^ I nG aNX(iG aN-Cflt^-t 20 

^ c: t t^-c 

[0 0 2 1] >x<i~. rsi4S7CD±upiij<7)^'9-y vmi 

fcpSA 1 G aHmtUgi K-ytfcI nG aNgTj^ 

SSv^-C, MgSr K-yLTtpMG aNJ: ^-5. pM 

[0 0 2 2] m±<7>J;d (C#it^^#§?rBg;fi$-l±-^-:m. 
fl*gB55-«r-^tr-8Pi3- mT> p n«egpi: o ) i 30 

ife<^ff^,^o»7lc:fR^-tcj3v>r. m 1 {c^l-J; 9 tc, pn 

[0 0 2 3] Mv^T. l&*S|5tcTO±f^^^OC]gP3 0 *«ff^ 

pffl!l^e^e8<0:^*St:Ji'y^>^''-r^o fiSC 
3 0 <0±MSrR^v^-c p n««ffl5^#?ra^ J: n kz^mm 

1 o^fML. ^<D^mm \ o<r)±.\.zT^m±m:i 

m.ir:ho -Ci-e, ^^mmi 0(i, m^*6##*l-t:-*tLlf 
flBv^^C: tnixtf, Zr02> S i O2, Si 

N, AI2O3, A 1 N, Ta205. NbzOs, Hf 
02^ T i 02^ t-cott-^Ottft^rfflv^-CffM-r-S - t*^' 
-c§, •€-o)Bllli±iTiL< {±50-5000 A otefflU^5e1- 

o 



#^2 002-164575 
6 

AOffiH> J: t)fiFi L<200--1000ACOteHH|S^-r 
[0 0 2 5] asps 0co±Mi::^-5 -7 ^'^g^'T 

'i.ii?q«e2 1 ^5fM-r^o is^mM2 1 1±. pMSit 
ti^^^^e t - ^ y «fji!^tfe'i*i-fl--e* * A u , p 

t. Ni, Al.W. In, Cu, Ag, Ir, Pd, 
Rh, Ti, Co> Sn. P b^<7)^SXI±-?-tL?)<7) 2 

0 1 - 1 ^mtcpMi-;i>i t-eit^^ffit-r^o So, 

eg«te2 1 tL-r, ftft L<(±, '^<0 (1) - (5) i 

(1) N i (80A)/Au (40-160A) 

(2) P d(40A)/Au (40A) 

(3) P d(30A)/P t (30A)/Au (20A) 

(4) N i (20- 80A)/I TO(100-2000A) 

(5) N i (20--80A)/'Au(10--50A)/I TO(100- 
2000A) 

[0 0 2 6] ^^(C, nMn^^^' hg4±t-nM='>'5' 
C^YMAt-t-S. •y^^m-r^nWm2 3 *p n«)BSP 

Tj-fbSlttTffMI-^o C:i-e> nmM2 3l±, 'y^j:<t 

■eg;, ^*?56*«r^<-ri*o ii^c, nSM2 3S:5l7t 

$*t^V^#\ 0l|x.lf\ T i , A K N i , A u , W, V 

§ , «f * L < T i /A K W/A 1 /W/A u , W 
/A 1/W/P t/AuOJ:9^«e«^i:-r^o * 
fc, nmM2 3<OM)¥t±, «?f L< 2 0 0 OA- 5 
;umCOilffl, J;*)ft?t L<(±5 0 0 0 A- 1. S/zmO 

[0 0 2 7] >k\z^ mim\Z7r.-ti.^\z, m.mMM2 1. 
l-«M$tt;t:p/N" 7 K«M2 2 jlS3tl^ 1 l<7)±.l,zM 

-5.0 ^<OpS^^~n/^••y KSMt LT«4, "7 A'-S.O'^ 
( n ) m.U t Sif14*s^ ^) <0 -eab *i.t±~!tf l,z $ n ^ 

»t L < it. :k(7)mA-i^hmiR^ftf.:m 1 m//% 
3eo2e«jiX(±, ^ie/^2Js/iS3Js<7)3e(73 

(1) »iei:Ni, Cu, Rh, Ru*-<b«lf*t«. 

(2) ^2^g:Ti, W, Pt> Ta, Mo;6-f>il(f 



-4- 



7 

(3) msmE :.Auo 

X^UiL<l±. Ni/Ti/Au. Ni/Au. Cu 
/Pt/Au. Ni/Pt/Au^L. ^Ogilpii. 1 
0 0 0 3 A* mtCK^-f ^5)0 

[0 0 2 8] i^i±(DX')izm&^nfzmmmm<^^yt 

KOTtt fflWi-'i) - t i)^Xh^o 

10 0 2 91 mm. W.T> :*:|&?gtc#-2>^ff^0!|tcov^ 

TSi?gi-^o ia3«i*i&?gn#;2>^?K0U<7)i&5t^^^- 

0 2tld!iW3 0^f^^i-^^^^<t»i5£L/im^^1^(i. * 
^□SBl 0 a t^-t^MltB^l OHJ: i9rSr14S7c7)^a5 

\zmm\^xw&^i^X'r^z,t^^x^^(DX\ n^u.< 

[0 0 3 0] 

immm] i^ir. ^^miz^^mmmz^^.-xum-r 

-9--7r^T (Cffi) J: J9 ^-^^IS^MO VP 
lajS^l 0 5 0t:ST±#;^-i±'. *«cOi^ V-->^*«: 

do 

[0 0 3 1 ] (/^y :7rg2) ^v^T. ^ISi^K^ 5 1 

±(IG aN cfc 19 ^-5)/^ 7 ■7rS2 Sr«?; 2 0 0 ^ > b 
n - (7) J^iy-ei^S ^ -^^ o 

(r > K-T'G aNg3) /<y y T m 2 TMG 
Oc;^jhi6r. SRS: 1 0 5 0rS-e±#$-ti:^o 10 5 

[0 0 3 2] (nS=i>^i5' hS4) ^v>r 1 0 5 0 t 

>:^'X^flav^. S i ?r 4 . 5X 1 Oi^/cm^ K 
-ytfjGaNJ: nM::? > ^ ^ b®^ 3 mOBE 



(5) #S 2002-164575 

8 

0 5 0t:t:\ TMG. T >^^T :^^:^i:m^\ T>K- 
T'G aN)l«r3 0 0 05^>^-X b n- Acoi^/S-CffiS^ 
•e. ScV^T|HliajKtcrv'^>:^-;^^ii*pLS i 5:4. 5 
X 1 0i8/cm3 K-T't^^cG a N^'^ 3 0 0 b 

ita6. |W|fiJtUTT> K-7'G aNS^rS 0:^ b 
n-AORHT-ffiS^-ti:. 3li;^f^'^'fc>l>|§:)Blff 3 3 5 0 
:t>^*v; hn-/.<;0n11ij^l#ii^^5 ^^S^-ti-^o 
70 [0 0 3 3] {nfflll^|2#g(liJi6) \sim<0^m 
X\ T>V*'-y^GaNX^fj::hm2(Dmim^mi^mi: 
A0^>^*:^ hn-A^:g^^, ^HSJS«:8 0 Otll 
tr. TMG. TMI. T>^^r*fflv^ T>K-y 

1 nGaNJ:^^^^l<7)MfL»4^2i#:@?r2 O^y^ 
bn-AjS;S^-^>?)o C:tLJbOSf^S:^i9iIL. ^2 

1 Og-fo^Jl^ii-, :^mtlGaNJ:J9^'2>^2<7)M>ft 

[0 0 3 4] (iS14S7) ^^(l. T> K--7'G aNJ: J9 
^-2>I*M«* 2 5 0:^ hn-A<7)Mi¥'e^R$ 

-^^ ^v^ria«*8 0 ortcLT. tmg. tmi. r 

>^j::.T*fflv^r > Y-y"! nG aNJ: J) ^-i>#^S* 
+ #^ + l^MH-#F- • • • +I^MOflM-eKMe*6 

#^e5e^s(i«aL'c. ii:igiiii e do^^y^ 

30 [0 0 3 5] (pffl#SM@8) ^Xtl. lajKl 0 5 or 
-eTMG. TMA. TV-^e-r. Cp2Mg (>-^n^ 
> ^ vjiij::.;l.-e^*;fv»> jU) M g * 1 X 1 0 

/cm3 K-yL/::pfflA 1 GaNJ: ^ ^j: ^ m 3 (DMit^ 
#^ffeS:4 0:t>'^;^ hn-ACO|RJlT'^S$-^, 
v^^raJSSrS 0 ortlLT. TMG. TMI. r>^- 
T. C p2Mg*fflv^Mg* 1 X 1 02o/cm3 K-'7"L/i 
InGaNJ:^)J^^»4 OMft^^^^frif * 2 5 ^ > 

L. ^3co^<l:t;¥»#e + ll4coSfbt?#«#:@owi 
?:4 0:^^:^;^ b n - A coM^-C^S^^-tirTtiMI&^Wii 

(o^mi^x ^^j:^pm^mm^yy Ke8*3 6 5:t> 

[0036] (pMn>^^hg9) ^^v^r 1 0 5 or 
t:\ TMG. T>^^7. Cp2Mg=&fflVN Mg^l 
X 1 0 2o/cm3 K-7'L/::paG aNJ: J9 ^-2) pan> 
^ ^ Vmsi 7 0 Oiry'^^X Yu--L.(r>mMX^^^^ 

%x^^ »!7i-/^?:&JS$SrttIi^v>T. 7 0 0X:-eT^ 

50 -v>^-Srtfv^. pas*^^iifi5S*;rLft:-r-2>o 



[0 0 3 7] >k^z. mn~7p-rxn{z^ pnmmuin 

(*6^)K 1 0 , 1 1 ) >kl>z^ Ciffl5 3 0 0±ffitc 

BPgPl 0 a iSr^L, lUan 3 0 co±M«r|^v»T p n«S 
ffl5^#:*a^ i o t-Z r 02;e»^<b't^^»Bil 0^10 
0 0 A<0^p§{Cff^^L^ -eco#fe*tB^l 0<O±UR h^^ib 
5:-&7p:jS*IBIl 1 1 0 0 0 A<^)?$ l^ffM-r-So 

[0 0 3 8] N i (8 0 A)/Au(l 5 0 A)-A-h 

[0 0 3 9] ;>;tr. [lli^tc^i-J;^^. a?q^M2 1 

C:::t:\ p/N'-y K^SRCf n/^•■7 K^Mfi. N i (1 
OOOA)/T i (1000A)/Au (8000A)'7)3g1tjii: L 



(6) 2002-164575 

*;^/N'y J' >; >i'-St;<t 3 0 0 0 A<7)i?$(cf^fife-r^o 
[0 0 4 0] \^X±.(r>i.n\.z\,xV^m^ixtz^m.m\<r>^ 

±y-(t-V{U 0. 5mAOJra:^[6]S»STT% 
hS4 /!/ m, l&TfcttJ* 2 0 0 yu worn— ^- Kl&*;&«# 

[0 0 4 1] *J&0!)2. 3^%B^ll'(i-£.|lifeplJ2<Ol67t:5^ 

-i-^-Yit. mMmi<r>^ity^-^-v\zia\^^x. pm 
1 0 2i-iaa5SrKitt:v»^v\a:;{)j|iiS0ai ttis^i), 

10 W2<7)|fejife^-I':t- KtCiJV^T. *6^«il OtCfM^tl- 
%mm2<r>^itf^^ ^-Vit. 0. 5mA<0jiS:^lfi]^»£ 
TT% X:K yVS4A(m, f&3fetB:^J 1 5 0 W<0*— * 

[0 0 4 2] j-:i,T. *iifet^J2 m>k. it^^u 
(WPSPioa) c7)ii:@^^ft;$H±-f>:t#'g-{cijv^t:> p 

«1 







®^ 








2 M m 


3 ;zm2 


2 M A 


0. 3 6 xiW 




3 M zn 




3 M A 


0. 8 4 A£W 




4 M ni 


1 2 A* 


4 M A 


1 . 4 4 ;£W 






5 0 0 0 0 
fx 


2 OmA 


6mW 



f±> *&»Mi o^fM-f-s.:: t^<, pMnv^'^'Hl 
<0(5(J^Mi;S?gmMS:ffM LTiFffi Lfw t <DXh^o 

mmz\,zii\!)^ *mw»i5<oBai:f&3t:ai:tni{5{?jt0ii 

[0 0 4 3] J2Jl±. *MOBmy-'*ife0!lt-J: 
□IIPI 0 a Ot-J:i)?Stt)lO-gf{c«iJ 

\zicmL.tz7.^^y hgom-^- K07t?rffi:^-r^:: t 

[0 0 4 4] 

mm<r>n^\ \:x±.. wm\<zm.m\^fzs.^\,z. 
imw^^^mum^m-thmMm^ ±gepS4raiT so 



iotzf^^^tL, 7S»o±fBggPSP?r:^LT±fBp)Bt:t 
- 5 y ^' Sfit-r ;|, iig^^STi^f^fiK $ tLT ^ CO ±iB 
itig^te L T±fBia PSBUT ices-r -5. ?S-148 (c* 

^<r)^X-^it^'±Z>Zti)^t:^^ ii-o>^(r>^±Ltz± 
*±lBg^Pa55rirhLT. fe|^PSPOf^;yclc*trL-tfc;^-1^ 
■y Y1^<DS^—^~Y<n%imm-ti>Zti)^X^ho '^■=> 
T, 3^5IW i tLif , X jje y h -9- X7>«/J> $ < tJ-o*— 

- -^z ^'- -v ;u T 'J -r -f - ^ tl-ffl -5, 1 75*-C ^ ^ 

[HiBoflsm^^iji??] 

[mi] :$:f&?^(-'ffi^^*feO?K,ti<0|fe3fc^^'f 5}--K<0 
[112] HI 1 <7)A-A' ^{Cov^r<7)ffifMIll-C'*'5>o 

m 3 ] :^^m\z^.^mm(r>^itv^^- Ynmm 

[^^-?-<oisi^] 
1 

2—/<y 7 rS, 



-6- 



3 


T y K — T'G a 


4 


11 ^ y y \ 


R ... 


n'fHU^s^ 1 ^ RPr ^ 


6- 




7 




8- 




9... 




1 0 





IHl] 




(7) 2002-164575 

72 

1 0 a-^pgr>. 

1 1 •••^iSTtiii. 

1 

3 O-fl^K 

2 1 -it^gmffi. 

2 2•••p/^' y Kttte 

2 3-nmffi. 

2 K«Mo 



[02] 




|[iiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiuinini»niiiiiniriiiiiiiiiiniiiiiii 



\ 
12 



[[13] 




12 



7n> h^~v<7)^§ 
F^-^(##) 4M104 

5F041 



AA04 AA09 BB02 BB04 BB05 
BB06 BB07 BB08 BB09 BB13 
BB14 BB18 CCD! FF13 GG04 
Ml 4 CA05 CA12 CA34 CA40 
CA57 CA65 CA74 CA82 CA83 
CA84 CA88 CA92 CB02 CB16 
FF13 



-7- 



